Marangoni convection flow of Carreau liquid by an inclined
Introduction
Marangoni convection arise due to the surface tension gradient in the interfacial liquid flow. It accelerates the procedures of heat and mass transfer. Such consequence is employed in stabilizing the soap films, drying the silicon wafers in the manufacturing of integrated circuits, self-assembling of the nanoparticles into ordered arrays, semiconductor processing, welding, nucleation etc. Recently, Zhao et al. [1] carried out Marangoni convection effect in flow of Maxwell fluid. They adopted numerical procedure for the fractional flow model and studied the characteristics of surface tension and heat transfer performance in the flow field. Analysis of Marangoni effect for single-wall (SWCNTs) and multi-wall carbon nanotubes (MWCNTs) is carried out by Hayat et al. [2] . They found that multi-wall carbon nanotubes (MWCNTs) moves fast as compared to the single-wall carbon nanotubes (SWCNTs) and thermal radiation heats up the fluid. Sheikholeslami and Ganji [3] inspected the Marangoni convection effect for forced convection heat transfer of CuO-H 2 O nanofluid. They developed the solution using Runge-Kutta integration method and investigated that the Lorentz force reduces the nanofluid's velocity. Discussion on Marangoni convection is made by Aly and Ebaid [4] . They worked on nanofluid with the effects of magnetic filed, thermal radiation, suction/injection and porous medium. They deliberate over the physical insight of the flow and observed that the effective electrical conductivity makes a very considerable and remarkable effect on the nanofluids' flow. Hayat et al. [5] developed the analytic solutions for the momentum and energy equations considering Marangoni convection of Casson fluid. They found the velocity to be an increasing function of mixed convection parameter for assisting flow whereas reverse impact is reported for the opposing flow. The The Carreau fluid model lies in the category of generalized Newtonian fluids whose viscosity depends upon the rate of shear. It reduces to the classical Newtonian model when the power law index is numerically equal to 1. This model also overcomes the shortcomings of the power-law model by describing the viscosity for very small / large shear rates. Carreau fluid is attracted by many researchers in literature. Khan et al. [6] examined the Carreau nanofluid flow in an expanding\contracting cylinder with heat and mass transfer processes. They considered the temperature dependent thermal conductivity and computed the numerical results through bvp4c scheme. They considered both the shear thinning and shear thickening cases. Carreau-Yasuda fluid for unsteady squeezed flow model has been considered by Salahuddin et al. [7] . They considered the flow through horizontal sensor surface and numerical solution has been computed by Runge-KuttaFehlberg scheme. Hashim and Masood [8] examined the Carreau fluid flow with Cattaneo-Christov heat transfer effects. They computed the numerical solutions through Runge-Kutta Fehlberg iterative scheme. They explained that the flow velocity and the temperature were decelerated for higher values of the wall thickness parameter. A peristaltic study of Carreau-Yasuda fluid in a curved conduit is conducted by Abbasi et al. [9] . Flow situation is described through lubrication approach and the properties of Hall effects are discussed in a curved conduit. Flow of Carreau-Yasuda fluid for Hall and MHD effects is examined by Hayat et al. [10] . They considered the curved walls and enlightened the processes of heat and mass transfer. Effectiveness of inclined magnetic field is considered by scientists and engineers for example its role for the stagnation point flow of nanofluid is given by Hayat et al. [11] . They evolved the solutions for momentum, energy and mass transfer equations considering the heat generation/absorption and thermal radiative processes in heat transfer. Khan et al. [12] assumed the oscillatory oblique stagnation point flow for the nanofluid with nanoparticles of Copper (Cu), Alumina (Al2O3) and Titania (TiO2). They calculated the graphical and tabular results for the flow configuration. Sivaraj and Sheremet [13] constructed the solution for viscous fluid flow in an inclined porous cavity with the effects of inclined uniform magnetic field. They established Brinkmanextended Darcy model and calculated the numerical solutions for different inclinations. An inclined channel is considered by Abbas et al. [14] for two phase flow of magnetite-water using inclined magneto convection, radiative heat transfer and slip effects. They developed a nonlinear differential model and computed the analytic solutions. Shahzadi and Nadeem [15] contributed their work for the nanofluid flow with an inclined magnetic field effects. The transfer of heat through radiation performs an important role for the engineering mechanisms at high temperatures. Radiative heat transfer also has significant importance in space technology for dealing with solar energy, in polymer industry for the extrusion of polymers, in nuclear industry for controlling the heat transfer mechanism and many engineering processes. Particularly, radiative heat transfer in electrically conducting fluids is more important for the nuclear and industrial engineering purposes for example the design of equipment, gas turbines and several propulsion devices for aircraft missiles, nuclear plants, space vehicles and satellites. The literature reveals that radiative heat transfer is discussed in many researches. Radiative heat transfer study of a Jeffrey viscoelastic fluid with dust-particle suspensions is carried out by Bhatti et al. [16] . They developed the electro-magneto-hydrodynamic peristaltic flow in planar channel 3 containing a homogenous porous medium. They constructed the analytic solution and discussed the dusty fluid dynamics in detail through graphs and tables. Nonlinear thermal radiation effects for thin liquid film with heat source/sink and chemical reaction are discussed by Pal and Saha [17] . They developed the flow over an unsteady porous stretching surface considering the convective boundary conditions. They used the shooting method together with Runge-Kutta-Fehlberg technique and enlighten the significant parametric effects on velocity and temperature profiles. Hsiao [18] developed the forced and free convection stagnation point flows of an electrically conducting Maxwell fluid. Joule heating, nonlinear radiation, thermal conductivity and convective heat transfer are considered. Finite difference scheme is applied to get the solutions. Nonlinear Rosseland approximation is used for radiative heat transfer of two viscoelastic fluids by R. Cortell [19] . Das et al. [20] discussed the nonlinear radiative heat flux in flow of Jaffery fluid over a stretching sheet. They utilized the RungeKutta-Fehlberg scheme to compute the solutions.
The aforementioned studies depict that heat transfer through nonlinear thermal radiation is not much examined. Marangoni flows are also less attended for realistic fluids because of the highly nonlinear boundary conditions. Flows by an inclined channel with different inclination of magnetic field is also not discussed. Motivated by these facts, we study the Marangoni convective flow of an electrically conducting Carreau fluid over a porous inclined surface. Nonlinear thermal radiation, thermal conductivity, Joule heating and viscous dissipation effects are accounted. Runge-Kutta Fehlberg scheme [21] [22] [23] [24] is utilized to compute the numerical solutions. The article is structured as follows. First section contributed toward the brief introduction of study. In second section, mathematical problem is formulated and nondimensionalized. Third section comprises the numerical procedure. Analysis and comparison of study with Hayat et al. [25] are given in fourth section whereas conclusions are presented in section five. References are listed in the sixth section.
Problem statement
In this paper the steady Marangoni convection flow driven by a temperature gradient in electrically-conducting Carreau liquid is considered. The two-dimensional analysis is presented by an inclined surface [5] . Effects of magnetohydrodynamics, buoyancy and external pressure gradient are considered. Permeable surface subject to suction / injection is taken. Analysis of heat transfer is carried out through viscous dissipation, Joule heating and thermal radiation. Thermal stratification is also considered. The governing equations of this study are based on the balance laws of mass, momentum and energy. Taking the above assumptions into consideration, the boundary layer equations can be written in dimensional form as: 
Analysis
This section comprises analysis of numerical results for the velocity and temperature profiles of an electrically conducting Carreau fluid due to porous inclined surface. Effectiveness of involved physical parameters is discussed through graphs and tables for the nonlinear thermal radiative heat transfer, applied magnetic field, inclination of applied magnetic field, mixed convection, porosity of inclined surface, thermal stratification, power index of Carreau fluid, inclination of surface, heat dissipation, convection-conduction characteristics and momentum-thermal diffusivity. 
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Conclusions
Numerical treatment is presented for the examination of Marangoni convective flow of magneto Carreau fluid over a permeable inclined surface with convective boundary conditions. The salient features are mentioned below.  The inclination of surface and thermal stratification dampens the fluid motion and the heat transfer processes.
 Presence of Carreau fluid slows down the velocity but heats up the fluid.
 Nonlinear radiation behaves as regulating the fluid motion, Nusselt number and heat transfer processes.
 Fluid motion and heat transfer have reverse behavior for mixed convection parameter, Hartmann number and power index.
 Thermal field shows the opposite response for the reference and interface temperatures.
